WBAN NO. 24121

LATITUDE: 40.83° N

LONGITUDE: 115.78° W
ELEVATION: 1547 meters
MEAN PRESSURE: 845 millibars

STATION TYPE: Secondary

Monthly Radiation (kWh/m#/day)

Variability of Latitude Fixed-Tilt Radiation
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty +9%

Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 2l 29 4.0 52 6.3 7.1 74 6.6 54 3.8 23 19 4.6
Min/Max | 1.8/24 2.5/3.7 3.4/46 | 4.3/6.1 50/7.3 588.1| 6885 5572 43/62 | 3342 1928 1523 | 44/438
Eatitade15 Ayerage 3.3 4.1 4.9 = 64 6.9 7.3 7.0 6.5 52 35 31 3.3
Min/Max | 2.7/4.0 3.3/54 4.0/5.7 | 4.6/6.8 5.0/7.5 56/7.8 | 67/84 5877 5.0/7.6 | 44/59 2746 20/42 | 50/5.6
Santnd Average 3.8 45 5.1 5.6 6.0 6.3 6.8 6.8 6.6 37 4.0 3.0 54
Min/Max | 3.0/47 3.5/6.1 4.1/6.0 | 45/6.7 4.7/7.0 5.17.1 | 62/7.7 56/7.4 5.0/7.8 | 47/65 3.0/53 2.2/5.0 | 5.0/5.7
Latitude +15 | Average | 4.1 4.7 5.0 5.2 53 54 59 6.1 6.4 5.8 42 3.9 5.2
Min/Max | 32/5.1 3.6/64 4.0/59 | 42/62 42/62 44/6.1 | 54/6.6 5.1/6.7 4.8/75| 4767 3.1/57 2.3/54 | 4.7/54
90 Average 3.9 4.1 3.8 34 2.9 2.7 3.0 3.6 4.5 4.7 3.8 37 3.7
Min/Max | 3.0/49 3.1/60 3.0/45 | 2.8/40 24/33 23/29 | 2832 3.1/39 33/53 | 3.9/55 2852 21/52 | 3.3/39
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Uncertainty 9%
Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 3.2 43 5if 72 8.0 9.8 10.4 9.4 8.1 59 35 2.9 6.6
Min/Max | 25/39 34/58 44/68 | 54/88 6.6/104 7.5/11.7| 9.2/124 7.5/108 5.8/9.9 | 4.8/69 2.7/4.6 1839 | 6.0/7.0
ERGHiRE-15 Ay'crage 4.1 5.2 6.4 T 8.8 9.8 10.5 9.9 8.9 6.9 43 3.8 7.2
¥ Min/Max | 3.2/5.1 4.0/7.1 4.8/7.7 | 57/94 6.6/10.7 7.5/11.7| 9.3/12.6 7.8/11.3 6.4/109| 5.6/8.1 3.2/6.0 2.2/53 | 6.5/7.7
Toatittde Average 4.5 33 6.5 7.6 8.5 95 10.2 9.7 9.0 72 4.7 4.2 T3
Min/Max | 35/5.7 4.2/7.6 49/79 | 56/94 64/104 7.2/11.2| 89/12.1 7.7/11.1 6.4/11.1| 5.8/86 3.4/65 2.3/59 | 6.5/7.7
Tsitife 15 Average 4.7 5.6 6.4 7:3 8.0 8.9 9.6 9.3 8.9 73 49 4.5 7.
Min/Max | 3.6/6.0 42/78 4.8/78 | 54/9.0 6.0/98 6.7/10.6| 84/11.4 7.3/10.6 6.2/109| 5.88.6 35/68 24/63 | 6.4/7.6
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty 9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
2 KRS Average 438 5.6 6.5 Y 8.9 10.1 10.7 59 0.1 73 4.9 4.5 Ty
Min/Max | 3.7/6.1 43/7.8 49/7.9 | 5.7/94 6.7/108 7.7/12.0| 9.4/12.8 7.9/11.3 6.4/11.1| 5.8/8.6 3.6/6.8 2.5/64 | 6.8/8.0
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 2.8 31 3.2 3.6 44 54 6.0 54 5.1 44 3.0 2.8 4.1
Horiz Axis Min/Max | 1,7/42 1.8/5.0 19/4.2 | 20/5.1 25/6.0 35/7.0| 49/79 37/65 3.1/6.8 | 3.2/55 1.7/4.7 1.0/4.7 | 3.5/4.5
1-Axis, N-S | Average 29 28 3.7 4.8 5.9 12 8.1 13 6.3 4.5 23 1.9 4.8
Horiz Axis Min/Max | 1.2/3.1 1.6/4.6 22/49 | 27/6.7 34/8.1 4.8/95 | 65/107 5.0/89 38/86 | 3.2/57 1.3/3.7 0.6/3.2 | 4.0/53
1-Axis, N-S | Average 3.1 38 4.4 3:1 5.8 6.8 1.8 74 sl 3.7 34 3.0 -
Tilt=Latitude| Min/Max | 1.9/46 2.2/62 2.6/58 | 28/7.1 3.3/80 4.5/9.0 | 6.2/103 5.1/9.1 42/9.6 | 4.1/7.2 19/54 1.0/50 | 44/59
2. Axis Average 33 3.9 44 52 6.2 7.4 8.3 1 ik 5.8 3.6 33 g3
= < Min/Max | 2.0/50 2.3/6.3 2.6/58 | 29/7.2 3584 4998 | 67/11.0 53/94 42/97| 41/77.3 2.0/57 1.1/54 | 4.6/6.1
Average Climatic Conditions
Element Jan Feb Mar Apr May Tune July Aug  Sept Oct Nov Dec | Year
Temperature (°C) -3.8 -0.3 3.1 6.8 g 587 16.9 21.5 20.4 14.8 8.7 1 | -3.3 8.2
Daily Minimum Temp -10.3 -6.7 -3.9 -14 2.7 7.0 10.2 9.2 3.8 -1.3 -5.3 -10.0 -0.5
Daily Maximum Temp 2.6 6.1 10.1 15.1 20.8 26.8 32.8 31.4 257 18.8 95 3.0 16.9
Record Minimum Temp | -41.7 -38.3 -228 | -18.9 -122 5.0 -1.1 4.4 -12.8 -16.1 244 -389 | -41.7
Record Maximum Temp | 17.8 21.1 25.0 30.0 333 40.0 41.7 41.7 372 2% W 25.6 17.8 41.7
HDD, Base 18.3°C 687 521 472 | 345 205 77 10 23 131 208 487 677 | 3932
CDD, Base 18.3°C 0 0 0 0 0 33 108 87 26 0 0 0 254
Relative Humidity (%) 72 70 62 33 48 44 33 35 41 30 65 71 53
Wind Speed (m/s) 23 2.6 3.0 32 3l 29 2.8 27 25 23 24 22 27
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty £9%
Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dez | Year
0 Average 2.6 34 4.5 5.8 6.6 =] 7.3 6.5 5.6 4.1 2.8 22 4.9
Min/Max | 2.2/29  2.8/4.1 3.8/53 | 5.0/6.6 55/74 6583 | 63/83 55/75 42/62 | 3646 23/3:1 16/26 | 4.5/5.1
toattbte 1% Average 4.0 4.7 5.8 6.3 6.6 e T2 6.9 6.6 55 4.1 36 23
Min/Max | 3.3/46 3.6/59 44/6.6 | 53/73 54/74 6.3/80 | 63/82 57/79 48/74 | 47/62 3.1/49 2.1/46 | 5.1/6.0
Thtitnde Average 4.6 32 57 6.2 6.2 6.6 6.6 6.6 6.7 6.0 4.7 4.3 5.8
Min/Max | 3.7/54 4.0/6.7 45/70|52/7.2 5.1/69 58/73 | 5.8/75 55/7.6 48/716| 5.0/6.8 3.4/56 23/54 | 5.1/6.2
Latitude +15 Average 5.0 55 5.0 57 35 5.6 5.7 6.0 6.5 6.1 5.0 4.7 5.6
Min/Max | 4.0/59 4.1/7.1 44/7.0 | 49/6.7 45/6.1 5.0/63 | 51/65 49/69 45/73 | 5070 3.6/6.0 25/59 | 49/6.0
90 Average 4.8 4.8 43 3.6 2.9 2.6 2.8 34 44 4.9 45 4.3 4.0
Min/Max | 3.7/5.7 3.6/63 3.3/57|32/41 2531 2428 | 26/3.0 2938 3.1/50 | 40/57 3.2/55 23/57 | 3.4/43
Solar Radiation for 1-Axis Tracking Fiat-Plate Collectors with a North-South Axis (kWh/m?/day). Uncertainty £9%
Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 4.0 5.1 6.5 8.0 9.0 10.3 10.2 9.3 8.3 6.3 4.2 35 7.1
Min/Max | 3.0/47 4.0/6.7 4.8/8.1 | 6.2/9.7 7.3/104 85/11.8| 83/12.0 7.4/11.2 56/98 | 5.1/7.1 3.0/51 2.0/44 | 6.2/75
§atitiida <15 Average 5.0 6.1 72 8.5 B 10.3 10.3 9.6 9.1 73 32 4.6 .7
Min/Max | 3.8/6.0 4.6/8.0 53/9.1 [6.6/10.3 7.3/10.6 85/11.7| 83/12.1 7.7/11.6 6.0/10.7| 59/84 3.7/64 24/59 | 6.7/8.2
Latitade Average 55 6.5 7.4 8.4 8.9 9.9 9.9 9.5 9.2 Tl 5.6 5.1 7.8
Min/Max | 42/6.6 4.9/86 54/94 (65/103 7.1/10.3 8.1/11.3| 8.0/11.6 7.5/11.4 6.1/109| 6.1/8.8 3.9/6.9 2.6/6.6 | 6.7/8.3
Lititide £15 Average 58 6.6 1.3 8.1 8.4 9.2 9.3 9.0 9.0 i 59 54 13
Min/Max | 4.4/70 5.0/89 53/94 | 6.2/99 6.7/9.8 7.6/10.6| 7.5/11.0 7.2/10.9 5.9/10.6| 6.2/89 4.0/7.3 2.7/7.0 | 6.5/8.2
Solar Radiation for 2-Axis Tracking Flat-Plate Colleciors (kWh/m?/day), Uncertainty +9%
Tracker Jan Feb Mar Apr May June July Aug Seplt Oct Nov Dec¢ Year
2. Axie Average a9 6.6 7.4 8.5 93 10.5 10.5 D7 92 7.8 39 3.5 8.1
Min/Max | 4.4/7.1 5.0/89 55/94 |[6.6/104 7.5/10.8 8.7/12.0| 85/12.3 7.7/11.7 6.1/10.9| 6.2/89 4.1/7.3 2.7/7.1 | 6.9/8.6
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
1-Axis, E-W | Average 316 38 37 42 4.6 37 517 3 52 4.7 3.7 3. 4.5
Horiz Axis Min/Max | 24/4.8 2.3/5.7 2.3/5.0 | 2.7/5.7 3.0/58 4.1/7.0| 42/73 35/69 28/64 | 35/58 2.1/50 12/53 | 35/5.0
1-Axis, N-S | Average il 35 44 55 6.3 73 7.8 7.0 6.5 4.8 3.0 2.5 51
Horiz Axis | Min/Max | 1.6/3.6  2.1/54 25/5.9 | 3.4/77 4380 54/95| 5599 4994 3584 | 3559 1641 0837|4156
1-Axis, N-§ | Average 4.0 4.6 54 5.8 6.1 7.2 74 7l T3 6.1 4.2 38 57
Tilt=Latitude | Min/Max | 2.6/5.3 2.8/7.1 3.0/69 | 3.6/8.1 4.2/7.8 5.1/89 | 53/95 350095 39/93 | 44/74 2358 12/57 | 45/63
5 kyie Average 43 4.7 a.l 5.9 0.5 7.9 8.0 - T3 6.1 4.4 4.1 6.0
Min/Max | 2.7/5.7 29/7.3 3.0/6.9 | 3.6/8.2 44/83 5.6/9.7 | 5.7/102 5.1/99 39/93 | 45/75 24/6.1 14/6.2 | 4.6/6.6
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -4.1 -1.4 1.4 5.3 10.3 15.3 19.7 18.6 135 7.7 L2 =3.6 7.0
Daily Minimum Temp -12.6 9.2 6.3 -33 0.9 4.8 8.9 8.1 2.9 2.1 -7.2 -11.9 22
Daily Maximum Temp 43 6.4 9.1 138 19.6 5.7 30.6 29.1 24.0 17.5 9.6 4.8 16.2
Record Minimum Temp | -32.8 -34.4 =250 | -20.6 -13.9 -7.8 -1.1 -4.4 9.4 -19.4 -26.1  -339 | -344
Record Maximum Temp | 20.0 19.4 22.8 272 aly 37.2 37.8 36.1 339 28.9 239 19.4 37.8
HDD, Base 18.3°C 696 382 523 392 250 104 8 34 152 331 513 678 4234
CDD, Base 18.3°C 0 0 0 0 0 14 51 43 7 0 0 0 116
Relative Humidity (%) 65 64 59 52 47 39 35 39 42 51 60 64 51
Wind Speed (m/s) 4.1 42 4.5 4.6 4.6 4.5 4.5 4.5 4.3 4.1 4.1 4.1 43
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Las Vegas, NV.

WBAN NO. 23169

Variability of Latitude Fixed-Tilt Radiation
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty £9%
Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 A_verage 3.0 4.0 54 6.9 7.8 8.4 7.9 T2 6.2 4.7 34 2.8 S0
Min/Max | 2.3/3.4 34/45 48/6.1 | 6.1/74 7.2/83 7889 | 6.6/84 6.0/7.8 54/6.7 | 4.0/5.1 3.0/5.7 2231 53/58
Latitude -15 Ayerage 4.4 ] 6.4 TS 7.8 8.1 7.7 735 7.1 6.1 4.8 42 6.4
Min/Max | 3.2/5.3 4.4/6.1 5.6/7.3 | 6.4/8.0 7.2/8.3 7.6/8.6 6.5/8.2 6.2/8.2 6.1/7.7 5.0/6.7 4.0/54 3.1/4.8 | 5.9/6.7
Latitude Average 3.1 59 6.7 7.4 L 74 el T2 .2 0.6 55 49 0.5
Min/Max | 3.6/6.2 4.8/6.8 5.8/7.7 | 6.2/7.9 6.7/7.8 7.0/7.8 6.1/7.5 6.0/7.9. s6:ly7m 1 5,303 463  3.6/5.7 | 5.9/6.8
Latheode-+18 Average 5.6 6.1 6.6 6.8 6.5 6.3 6.2 6.5 7.0 6.8 59 54 6.3
| Min/Max | 3.8/6.8 49/72 57/76|57/73 59/68 6.0/6.7 | 53/65 55/7.2 59/7.6 | 54/7.5 4.7/6.8 3.8/6.2 | 5.7/6.6
90 Average 5.0 5.1 4.7 39 3.0 2.6 26 34 4.5 5.3 52 5.0 4.2
Min/Max | 3.4/6.2 4.0/6.0 4.0/5.4 | 3.3/4.1 2.8/3.1 24027 2.4/2.7 2.9/3.7 3.8/4.9 4.2/59 4.1/6.1 3.5/5.8 | 3.7/45
Solar Radiation for 1-Axis Tracking Flat-Piate Collectors with a North-South Axis (kWh/m?/day), Uncertainiy 9%
Axis Tilt (°) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 4.0 5.9 7.8 9.8 10.9 11.6 10.8 10.1 9.0 il 51 4.2 8.1
Min/Max | 3.3/5.6 4.6/7.0 62/93 |8.2/10.9 9.8/11.9 10.5/12.5] 82/11.8 R.1/11.3 7.1/10.1| 5.7/79 4.1/60 3.0/49 | 7.2/85
ke 18 Average 5 6.9 8.5 10.3 11.0 S . 10.8 10.4 9.7 8.1 6.2 53 8.7
Min/Max | 3.9/6.9 5.3/8.2 6.9/10.2|8.5/11.4 9.9/12.0 10.4/12.4] 82/11.8 B8.4/11.7 7.7/109| 6.4/9.1 49/73 3.7/6.2 | 7.719.1
Batanie Ayerage 6.2 53 8.8 10.2 10.6 11.1 104 10.3 9.8 8.6 6.7 59 8.8
Min/Max | 4.3/7.7 5.6/8.7 7.1/10.5|8.4/11.3 9.6/11.6 10.0/11.9] 7.8/11.4 8.2/11.5 7.8/11.1] 6.7/9.5 53/7.9 4.1/6.9 | 7.8/9.3
Yithatasiis Average 6.5 15 8.7 9.8 10.0 10.3 9.8 9.8 9.6 8.7 7.0 6.2 8.7
Min/Max | 4.4/8.1 5.7/9.0 7.0/104|8.1/109 9.0/11.0 9.3/11.1| 7.3/10.7 7.8/11.0 7.6/10.9| 6.7/9.7 54/83 4.3/73 | 7.6/9.1
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
2 Awis Average 6.6 15 8.8 10.3 k1.1 11.8 11.0 10.5 9.8 8.7 7.1 6.3 9.1
\ Min/Max | 4.5/82 5.7/9.0 7.1/10.5|8.5/11.4 10.0/12.1 10.6/12.7| 8.3/12.1 8.4/11.8 7.8/11.1| 6.7/9.7 5.5/83 4.3/74 | 8.1/9.6
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Unceriainty 8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 4.3 4.5 4.8 3.5 6.1 6.8 6.1 58 5.6 8.3 4.6 4.3 5.3
Horiz Axis Min/Max | 2.7/57 3.0/58 3.8/6.3 | 4.1/64 52/7.1 5.7/7.6 | 44/7.1 4.4/69 4.0/6.6 | 3.5/6.1 3.1/57 2.7/53 | 4.5/5.8
1-Axis, N-S Average 34 4.4 3.7 7.4 8.2 9.1 8.2 7.8 7.1 5.6 3.9 32 6.2
Horiz Axis Min/Max | 2.1/4.6 28/57 4277|5587 70096 75/103| 559.6 5894 4985 37/6.5 25/49 1.9/40 | 5.2/6.7
1-Axis, N-S | Average 4.8 5.6 6.5 77 8.0 8.5 7.8 %8 78 6.8 5.2 4.6 6.8
Tilt=Latitude | Min/Max | 3.0/6.4 3.6/7.2 4988 | 56/9.0 6893 7.1/9.6 | 52/9.1 5.8/9.4 54/93 | 45/79 35/67 28/58 |57/74
5 Axis Average 52 W 6.6 7.8 8.4 92 8.4 8.1 7.8 6.9 g 5.0 1
Min/Max | 3.2/69 3.7/74 49/88 | 58/9.2 7.2/9.8 7.7/104| 5.6/9.7 6.0/9.7 54/94 | 4580 3.7/7.0 3.1/6.3 | 6.0/7.7
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) TS 10.6 13.5 17.8 23.3 204 328 31.5 26.9 20.2 12.8 7.6 19.5
Daily Minimum Temp 0.9 3.8 6.6 104 15.7 20.8 24.6 234 19.0 124 5.9 B 12.1
Daily Maximum Temp 14.1 17.4 204 253 31.0 379 41.1 39.6 34.8 27.8 19.7 14.2 26.9
Record Minimum Temp | -13.3 -8.9 -5.0 -0.6 4.4 9.4 15.6 13.3 7.8 -3.3 -6.1 ALT | =183
Record Maximum Temp 25.0 30.6 32.8 1.2 428 46.1 46.7 46.7 45.0 9.4 30.6 25.0 46.7
HDD, Base 18.3°C 336 216 162 79 8 0 0 0 0 34 169 332 1337
CDD, Base 18.3°C 0 0 12 64 163 332 449 408 258 91 0 0 1778
Relative Humidity (%) 45 40 33 25 21 16 21 26 25 29 37 45 30
Wind Speed (m/s) 36 4.1 49 51 82 5l 49 4.5 4.3 3.8 3.8 34 4.4
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Solar Radiation for Flat-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty £9%
Tilt (°) Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec Year
0 Average 23 32 4.5 5.9 7.0 7.6 7.8 6.9 37 4.1 26 2.1 5.0
Min/Max | 2.0/27 2.6/40 3.6/54 | 49/69 60/7.6 6.884 | 73185 60/75 47/64 | 3.7/45 2.1/31 1625 | 46/53
Tabiads 218 Average 3.6 4.4 5.5 6.5 Tl 7.4 Ly 7.4 6.8 5.6 3.9 3.4 5.8
| Min/Max | 2.8/46 3.4/58 4.2/6.8 | 5.3/7.6 6.0/7.7 6.5/8.1 7.2/83 6.3/80 54/7.7 | 49/6.1 3.0/49 23/44 | 52/6.1
Tatitide Average 4.1 49 5.7 6.4 6.6 6.8 71 | 6.9 6.1 44 39 5.8
Min/Max | 3.1/54 3.6/6.6 4.2/72 |52/75 56/73 6.0/74 | 66/7.7 61/1.7 5479 | 53/6.7 3.3/56 25/52 |52/63
Latitude +15 | Average | 44 5.1 5.6 5.9 5.8 5.8 6.1 6.4 6.7 6.2 4.6 42 5.6
“ | Min/Max | 3.3/5.8 3.7/69 4.1/7.1 | 48/7.0 5.0/64 52/63| 57/6.6 553/7.0 52/7.6| 54/69 34/60 2.7/57|49/6.0
90 Average | 4.1 43 4.2 37 3.0 33 2.9 3.6 4.6 5.0 42 4.0 3.9
Min/Max | 3.0/55 3.0/59 3.1/53 |3.1/43 2733 25728 | 2831 32/39 36/52| 43/56 3.0/55 24/54|33/43
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day), Unceriainty +9%
Axis Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 3.5 4.7 6.4 3.3 9.7 10.5 L1:0 10.0 8.6 6.3 3.9 32 1.2
Min/Max | 2.7/4.6 3.3/64 4.4/84 [6.2/10.1 7.8/10.9 9.0/11.9| 9.9/122 82/11.2 64/10.0| 54/7.0 29/5.1 2.0/42 | 63/7.7
Tontitide 1% Average 4.4 5.6 72 8.8 9.8 10.5 1L1 10.4 9.4 74 4.8 4.1 7.8
Min/Max | 3.3/6.0 3.9/7.8 4.9/9.4 |6.6/10.8 7.9/11.1 8.9/11.8| 9.9/12.3 8.3/11.6 6.9/11.1| 6.3/83 3.5/64 2.6/5.6 | 6.7/84
Iatitade Average 4.8 6.0 7.4 8.7 9.5 10.1 10.8 10.3 9:5 7.8 5.2 45 79
: Min/Max | 3.5/6.6 4.2/83 5.0/9.7 |6.5/10.8 7.7/10.8 B8.6/11.4| 9.6/11.9 8.4/11.4 7.0/11.2| 6.6/8.7 3.8/7.0 2.8/6.3 | 6.8/8.5
Latimade +15 Average | 6.1 7.3 8.4 9.0 94 10.1 9.8 9.3 75 3.4 4.8 77
Min/Max | 3.7/7.0 42/85 49/9.6 |6.3/104 7.2/102 8.0/10.7| 9.0/11.1 7.9/10.9 6.8/11.0| 6.6/8.8 3.9/7.3 2.9/6.7 | 6.6/3.4
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty 9%
| Tracker Jan Feb Mar Apr May June Tuly Aug Sept Oct Nov Dec Year
9. Axic Average 3 6.1 74 8.8 10.0 10.8 114 10.5 935 1.9 55 49 8.2
i Min/Max | 3.7/7.1  4.2/85 5.0/9.7 |6.6/10.9 8.0/11.2 92/12.2|10.1/12.5 8.6/11.7 7.0/11.2| 6.7/88 3.9/7.3 2.9/6.8 | 7.0/8.9
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty £8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 3.2 35 39 4.4 32 6.0 6.6 5.9 5.4 4.8 3.4 3.1 4.6
Horiz Axis Min/Max | 1.8/5.1 2.0/56 2.1/58 |27/6.1 3.5/63 4.6/72 | 53/7.7 42/69 35/69 | 3.7/56 20/5.0 1548 3.652
1-Axis, N-§ | Average 2:3 3.2 45 58 7.0 8.0 8.8 9 6.8 4.9 2.7 22 54
Horiz Axis Min/Max | 1.3/3.8 1.8/52 2.3/6.8 | 35/8.1 4885 6.1/9.7 | 7.1/103 5.6/94 42/88 | 3.7/5.7 1.6/4.1 1.0/34 | 42/6.0
‘ 1-Axis, N-S | Average 35 43 8532 6.2 6.9 75 8.4 8.0 7.6 6.1 38 33 5.9
Tilt=Latitude | Min/Max | 2.0/5.6 24/69 27/7.9 | 3.7/8.6 4.6/83 5.8/9.1 6.8/9.9 57095 4.7/9.7 | 47/72 23/58 1.6/52 | 4.6/6.7
I L Average 3.7 44 53 6.3 73 82 9.1 8.3 7.6 6.2 4.0 3.6 6.2
i Min/Max | 2.1/6.0 2.4/7.0 27/80 | 3.7/87 4988 6.3/9.9| 7.3/10.6 58098 4798 | 4773 2460 L7/56 | 48/70
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec | Year
Temperature (°C) 0.5 33 6.0 9.2 13.6 18.4 22.0 209 15.8 10.4 4.6 0.4 10.4
Daily Minimum Temp -6.3 4.3 -1.6 0.7 4.5 83 10.7 9.8 52 0.5 -2.9 -6.7 1.5
Daily Maximum Temp 7.3 10.9 13.5 17.6 227 28.4 333 32.0 26.4 203 1a] 75 19.3
Record Minimum Temp | -26.7 ~20:.7 -189 | -10.6 -7.8 -3.9 0.6 4.4 6.7 =133 -17.2 =267 | -26.7
Record Maximum Temp | 21.1 239 283 313 356 39.4 40.0 40.6 38.3 32.8 25.0 2151 40.6
HDD, Base 18.3°C 553 420 382 273 152 42 7 11 99 244 412 556 3152
CDD, Base 18.3°C 0 0 0 0 6 44 121 90 22 0 0 0 282
Relative Humidity (%) 68 60 53 46 43 40 36 39 44 51 6l 68 51
Wind Speed (m/s) 23 2.8 33 38 3.8 35 34 3.1 2.8 2.9 20 29 31
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Solar Radiation for Flai-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainiy +9%
Tilt (°) Jan Feb Mar Apr May June July Aug  Sept Oct Nov Dec | Year
0 Average 37 36 4.8 6.2 Tl 79 7.8 7.0 5.9 4.4 3.0 24 52
Min/Max | 2.3/3.0 2.9/42 4.0/55|52/6.8 63/7.8 7.1/86 | 69/86 6.1/7.6 4.7/65 | 3.9M4.7 26/34 2028 | 4854
Latitide 1% Average 4.1 49 5.8 6.7 Tl 7.6 T3 73 6.9 59 44 3.8 6.0
Min/Max | 3.2/4.9 3.8/6.0 4.7/6.7|55/75 63/7.8 69/8.3 | 6.8/84 6.4/80 54/7.7 | 50/64 3.7/53 3.0/4.7 | 54/63
Tuntitiie Average 4.8 54 6.1 6.6 6.7 6.9 7.1 71 71 64 5.0 45 6.1
Min/Max | 3.7/5.8 4.1/6.8 4.8/7.1 | 53/74 59/73 63/76 | 63/7.8 62/7.7 54/79 | 54/70 4.1/6.1 34/5.6 | 55/6.4
Lititiide 14 Average 5.1 56 6.0 6.1 5.9 39 6.1 6.4 6.8 5.5 53 49 55
Min/Max | 3.9/6.3 42/7.1 4770 | 49/69 5.2/64 54/64 | 55/6.7 56/7.0 352(76| 54/72 43/66 3.6/6.2 | 5.2/62
90 Average 4.7 4.8 4.4 37 29 2.6 2.8 35 4.6 B 4.8 4.6 4.0
Min/Max | 3.5/59 34/6.0 34/51 |3.04.1 2731 2427 | 26/29 32/37 35/51 | 4358 3.8/60 3.3/59 | 3543
Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m2/day), Uncertainty 9%
Axis Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 42 5.4 7.0 8.7 9.8 10.9 10.9 10.0 8.8 6.8 4.6 38 7.6
Min/Max | 3.2/5.1 3.8/6.8 5.4/8.6 (6.8/10.0 84/11.2 9.7/12.2| 93/12.6 84/11.3 6.4/10.1| 58/7.5 3.7/57 2.8/4.7 | 6.7/8.0
Tatituds 15 Average 5.2 64 7.8 9.2 10.0 10.9 11.0 10.3 9.6 T 5.6 4.9 8.2
Min/Max | 3.9/65 4.5/8.1 5995 |7:1/10.6 BS5/113 '9.7/122) 93/12.6¢ 8.7/11.7 69/11.0| 6.6/87 4570 3I5/61 | 7287
Tatitide Average *l 6.8 8.0 9.2 9.7 10.4 10.6 10.2 9.8 8.3 6.1 54 8.4
Min/Max | 4.3/7.2 4.8/87 6.0/9.8 |7.0/10.5 83/11.0 93/11.7| 8.9/122 8.5/1L5 6.9/11.2| 69/9.1 49/7.7 3.9/6.8 | 7.2/8.8
Tiatitiide 415 Average 6.0 6.9 7.9 8.8 9.1 9.8 9.9 9.7 9.6 8.4 6.4 5.7 8.2
Min/Max | 4.5/7.6 4.8/89 59/9.7 |6.7/10.1 7.8/10.4 87/109| 84/114 8.1/11.0 6.7/11.0| 6.9/92 5.1/80 4.1/7.3 | 7.1/8.7
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?%/day), Uncertainty +9%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
5 A Average 6.1 6.9 8.0 9.3 10.1 Eld L2 10.4 9.8 8.4 64 5.8 8.6
£ Min/Max | 4.5/7.7 4.8/89 6.0/9.8 7.U10.6k$_._6il'_1_.5___ 99/12.5| 94/129 8.7/11.8 69/11.2| 69/92 51/8.1 42/74 | 7.5/9.2
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 4.0 4.1 4.3 4.8 53 6.3 6.4 5.8 5.6 52 4.1 39 5.0
Horiz Axis Min/Max | 2.5/56 2.5/59 2.7/57 | 3.0/60 4.0/64 51/76| 50/79 43/69 32/68 | 3.9/59 3.0/57 24/55|4.0/55
1-Axis, N-S§ | Average 31 39 3,1 6.4 72 8.4 8.6 7.8 7.1 5.4 34 29 5.8
Horiz Axis Min/Max | 1.9/43 2.2/57 3.2/69 | 40/80 54/8.8 6.8/10.2| 6.5/10.7 58/95 4.0/88 | 4.2/63 2.4/47 17/4.0 | 4.7/6.3
1-Axis, N-S | Average e 5.1 39 6.7 7.0 79 82 7.9 1.8 6.7 4.8 4.3 6.4
Tilt=Latitude | Min/Max | 2.8/6.2 2.9/74 3.7/8.0 | 4.1/84 53/85 64/9.6 | 6.2/102 59/9.6 44/9.7 | 51/7.7 34/6.6 2.5/60 | 5.1/7.1
5 hwis Average 4.7 %2 59 6.8 74 8.6 8.8 8.1 7.9 6.8 5.0 4.6 6.7
) Min/Max | 3.0/6.7 3.0/7.6 3.7/8.0 | 42/85 5.6/9.0 7.0/104| 6.7/11.0 6.1/99 4.4/9.7 | 5.2/7.8 3.5/69 2.8/65 | 5.3/7.4
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -0.5 24 5.0 8.9 14.1 19.5 v 21.9 17.3 11.4 4.3 -0.1 10.6
Daily Minimum Temp 1.7 4.7 2.6 0.6 5.4 10.3 13.6 12.6 8.2 2 -3.2 -7.2 23
Daily Maximum Temp 6.6 9.6 125 172 22.8 28.6 32.8 31.3 26.4 20.1 11.8 6.9 18.9
Record Minimum Temp | -25.0 222 -15.0 -7.8 -6.7 1.1 44 5.0 -3.9 9.4 -15.0 -23.3 -25.0
Record Maximum Temp 17.8 233 25.6 28.9 33.9 378 38.3 37.8 34.4 e i f 244 122 38.3
HDD, Base 18.3°C 584 445 413 288 142 33 0 6 65 218 420 4 ) 3185
CDD, Base 18.3°C 0 0 0 4 11 68 152 118 35 - 0 0 392
Relative Humidity (%) 62 57 48 39 34 27 26 29 32 38 52 59 42
Wind Speed (m/s) 3.7 4] 4.8 4.9 4.6 43 4.0 38 3.9 38 38 37 4.1
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Solar Radiation for Flai-Plate Collectors Facing South at a Fixed Tilt (kWh/m?/day), Uncertainty £9%
Tt ) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average | 2.1 2.9 4.1 5.5 6.6 7.4 i 6.7 55 38 2.3 1.9 47
Min/Max | 1.6/24 2536 3.4/48 | 43/6.1 54/74 6.1/82 | 7.1/84 56/74 49/6.3| 34/43 1928 14/23|45/50
Latitude -15 Average 33 4.1 5.0 6.0 6.7 ik 7.6 72 6.6 i 35 3.0 5.5
Min/Max | 2.2/42  3.1/55 4.0/6.1 | 4.6/69 54/1.5 59/80| 7.0/83 5979 57/7.7| 4562 2546 1842|5158
T aitane Average | 3.7 45 52 59 6.2 6.3 7.0 6.9 6.7 S 3.9 35 5.5
Min/Max | 2.4/4.9 3.3/6.1 4.0/64 | 44/68 5.171 5473 | 6576 57/76 5879 | 4868 27/53 1950|5159
Foatinnda 15 Average 4.0 4.6 Sil 5.5 55 5.6 6.0 6.3 6.5 5.8 4.1 38 3.1
Min/Max | 2.5/53 3.3/64 39/63 | 4.1/63 45/62 4.6/62 | 56/6.6 52/69 5577 | 49/69 2.8/57 20/55 | 48/57
90 Average 37 4.0 39 35 3.0 2.8 3.0 A 4.6 4.8 3 3.6 g
Min/Max | 2.2/5.0 2.8/56 2.9/47 | 2.8/40 2.6/33 25/3.0| 2.9/32 3240 3954 | 4058 24/52 1853 ]3.3/41

Solar Radiation for 1-Axis Tracking Flat-Plate Collectors with a North-South Axis (kWh/m?/day)

, Uncertainty £9%

Axis Tilt (%) Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
0 Average 3.1 4.2 5.8 7.6 9.0 10.1 10.8 9.7 8.2 a0 34 2.8 6.8
Min/Max | 2.0/4.1 32/59 4472|5388 69/106 7.9/11.7| 9.6/12.2 7.5/11.1 6.8/10.1| 49/7.1 24/46 16/40 ] 6.2/7.3
fafitude -15 Average 4.0 & 6.5 8.0 9.2 10.1 10.9 10.2 8.1 7.0 4.3 3.7 7.4
Min/Max | 2.5/54 3.7/7.3 4.8/82 | 55/94 7.0/108 7.9/11.7| 9.8/12.3 79/11.7 7.4/11.2| 58/84 29/59 19/54 | 6.7/8.0
Lalitide Average 44 54 6.7 8.0 8.9 47 10.6 10.0 9.2 T 47 4.1 7.4
Min/Max | 2.6/6.0 3.9/7.8 4.9/84 | 54/94 6.7/10.5 7.6/11.3| 9.4/11.9 7.7/11.5 7.5/1 1.3| 6.1/89 3.0/64 2.1/6.0 | 6.7/8.1
Latitude +15 Average 4.6 5.5 6.6 T 84 9l 5.9 9.8 9.0 74 4.8 4.3 Fi2
Y | Min/Max | 2.7/6.3 39/80 4883 |52/9.0 63099 7.1/106| 8.8/11.2 7.3/11.0 7.3/11.1 6.1/9.0 3.1/6.7 2.1/6.4 | 6.5/7.9
Solar Radiation for 2-Axis Tracking Flat-Plate Collectors (kWh/m?/day), Uncertainty +9%
Tracker Jan Feb Mar Apr May June Tuly Aug Sept Oct Nov Dec Year
ARt Average 4.6 53 6.7 8.1 9.3 10.4 11.2 10.2 92 74 4.9 4.4 77
2 Min/Max | 2.7/6.4 39/80 4984 |56/95 7.1/109 8.112.1| 9.9/12.6 7.9/11.7 75/11.3] 6.1/9.0 3.1/6.8 2.2/6.5 | 7.0/8.4
Direct Beam Solar Radiation for Concentrating Collectors (kWh/m?/day), Uncertainty +8%
Tracker Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
1-Axis, E-W | Average 2.8 3.0 33 3.8 4.6 5.6 6.3 5.6 52 4.4 2.9 27 42
Horiz Axis | Min/Max | 1.1/45 1.6/52 2.0/4.7 | 1.850 2.7/60 3.6/7.1 | 5275 3.6/68 38/69 | 33/58 1346 08/4.7 | 3.6/48
1-Axis, N-§ | Average 20 2.5 3.8 5.1 6.2 7.4 8.5 7.5 6.5 4.5 23 1.8 4.9
Horiz Axis Min/Max | 0.8/3.3 1.4/48 23/54 | 23/66 3.7/82 4995 | 69/102 4.9/94 46/88 | 3.2/59 1.0/3.5 05/3.2 | 42/55
1-Axis, N-S | Average 3.0 30 4.5 54 6.1 7.0 8.1 Tl 73 5.7 1 29 54
Tilt=Latitude | Min/Max | 1.2/49 2.0/64 27/64 | 25/70 3.6/80 4.6/9.0| 67/9.8 5.0/9.6 5.2/9.9 | 4.1/75 1.5/5.2 0.8/5.0 | 4.6/6.1
o AVIR Average 32 38 4.5 55 6.4 7.6 8.7 8.0 T3 5.7 35 32 5.6
i Min/Max | 1.3/5.3 2.0/6.6 2.7/6.4 | 2.5/7.1 3.8/84 5.0/9.8 | 7.1/105 5.1/99 52/99| 4.2/7.6 1.6/55 09/5.5 | 4.8/6.4
Average Climatic Conditions
Element Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
Temperature (°C) -14 22 45 79 13.0 18.1 223 20.9 15.3 93 32 -1.2 9.5
Daily Minimum Temp -8.5 5.1 -3.8 -1.4 32 74 10.7 9.3 3.8 -1.5 -4.8 -8.3 0.1
Daily Maximum Temp 5.6 94 12.8 12 22.8 284 339 32,6 26.7 20.1 1.2 59 18.9
Record Minimum Temp | -31.1 =333 -194 | -144 -11.1 5.0 -1.7 22 -11.1 -13.9 -222 -383 | -383
Record Maximum Temp | 20.0 233 272 322 356 41.1 41.1 422 394 32.8 25.0 19.4 422
HDD, Base 18.3°C 613 453 429 313 171 58 3 16 113 281 453 606 3508
CDD, Base 18.3°C 0 0 0 0 > 49 127 96 21 0 0 0 299
Relative Humidity (%) 69 63 56 47 42 38 28 30 36 47 63 70 49
Wind S_peed (m/s) 32 3.6 3.9 4.0 4.0 39 3.8 3.6 3.6 34 < 34 3.7
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